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6HYHUDO WHFKQRORJLHV DUHDYDLODEOH IRU UHDOL]LQJPLFUR DQGQDQRVWUXFWXUHV VXFKDV HEHDPOLWKRJUDSK\
.DQDPRU\< HW DO GLUHFW ODVHU VWUXFWXULQJ 'HXEHO0 HW DO  GLDPRQGPLOOLQJ DQG WXUQLQJ
0F&OXUH( RUGLUHFW ODVHU LQWHUIHUHQFHSDWWHUQLQJ '/,3 /DVDJQL$ HW DO +RZHYHU
SDWWHUQLQJRIODUJHUYROXPHVRIRSWLFDOSDUWVLVWRRXUNQRZOHGJHQRWEHLQJXVHGWRGDWHZKLFKLVPDLQO\GXH
WRWKHJUHDWFRVWIRUWKHFRPSOH[DQGKLJKO\VRSKLVWLFDWHGHTXLSPHQWDQGRUVORZSURFHVVLQJVSHHGRIWKLV
SULQFLSOH FRPSDUHG WR FRDWLQJ WHFKQRORJLHV $ YLDEOH DSSURDFK KRZHYHU PD\ EH WKH XVH RI VXFK
WHFKQRORJLHV IRU WRROLQJ DQG FDVWLQJ RI WKH QDQRVWUXFWXUHV $VSKHULF OHQVHV DUH RIWHQ PDQXIDFWXUHG E\
PROGLQJSURFHVVHVWRUHGXFHXQLWFRVWDQGWKHVDPHDSSOLHVIRUSRO\PHURSWLFVIRUKLJKYROXPHORZFRVW










2.1. Principle of direct laser interference patterning 
/DVHULQWHUIHUHQFHSDWWHUQLQJLVEDVHGRQDVHOILQWHUIHUHQFHRIDODVHUEHDP$ODVHUEHDPLVILUVWVSOLW
LQWRDQXPEHURInı2VXEEHDPV7KHPRVWFRPPRQO\XVHGVHWXSVZLWKUHIUDFWLYHDQGGLIIUDFWLYHRSWLFDO
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2.2. Liquid-crystal-spatial light modulator as dynamically programmable beam splitter 
7KH VRFDOOHG VSDWLDO OLJKW PRGXODWRU 6/0 LV DQ HOHFWURQLFDOO\ SURJUDPPDEOH PLFURGLVSOD\ ZKLFK
DOORZVIRUGLVFUHWL]HGZDYHIURQWPDQLSXODWLRQRIODVHUEHDPV)RUWKHXVHDVSURJUDPPDEOHEHDPVSOLWWHU
WKH6/0FDQGLVSOD\ VXSHULPSRVHGJULG VWUXFWXUHV IRU VSOLWWLQJ WKH ODVHU LQWRRUPRUHEHDPV\LHOGLQJ
VWULSHV EHDPLQWHUIHUHQFH RU UHJXODU GRWSDWWHUQV LQWHUIHUHQFH RI  DQGPRUH EHDPV7KHPD[LPXP
DFKLHYDEOHGHIOHFWLRQDQJOHLVOLPLWHGE\WKHV\VWHP¶VSL[HOSLWFKRIS PDQGWKHZDYHOHQJWKEHLQJ






7KHPDMRUDGYDQWDJHRI WKH6/0DVEHDPVSOLWWHURYHUDIL[HGRSWLFDOHOHPHQW LV WKHIOH[LELOLW\ LQ WKH
GLVSOD\HG JULGV ,W LV HDV\ WR WR VZLWFK EHWZHHQ GLIIHUHQW QXPEHU RI VSOLWWHG EHDPV DQG EHDP VSOLWWLQJ
DQJOHV HOHFWURQLFDOO\ ZLWKRXW WKH QHHG WR UHDGMXVW WKH VHWXS 7KLV LV GLIIHUHQW LQ FRQYHQWLRQDO VHWXSV DV
GHSLFWHGLQILJXUHEZKHUHDFKDQJHRIWKHLQWHUIHUHQFHDQJOHRUDGGLQJDQRWKHUVXEEHDPFDQEHTXLWH
FXPEHUVRPH
2.3. Levering reflective optic 















GXDO ZDYHOHQJWK FRDWLQJ HJ QP DQG QP ODVHU ZDYHOHQJWKV 7KHUH DUH PLQLPXP DEVRUSWLRQ
ORVVHVWREHH[SHFWHGQREXONDEVRUSWLRQDWDOODVZRXOGEHLQRSWLFVPDGHIURPJODVV7KHUHIOHFWLYHOHQV



































2QHGUDZEDFNRI WKHGHVLJQ LV WKHRIIFHQWHUKLWRI WKH VXEEHDPVRQERWKVSKHULFDOPLUURUV LQWURGXFLQJ
VWURQJVSKHULFDODEHUUDWLRQVLQWKHIRFXV7KHRSSRVLQJUDGLLRIFXUYDWXUHFDQFHOVRXWWKLVHIIHFWWRDFHUWDLQ





7KH LQWHUIHUHQFH SDWWHUQ LQ WKH IRFDO UHJLRQ ZDV PRGHOHG XVLQJ +X\JHQV36) PRGHO LQFOXGHG LQ






























































































D  1$ /HLW] PLFURVFRSH OHQV ZLWK D PDJQLILFDWLRQ IDFWRU RI [ ZDV XWLOL]HG 7KH 1$ RI  LV














































:HKDYH VKRZQ WKHFRPELQDWLRQRID VSDWLDO OLJKWPRGXODWRUZLWKD UHIOHFWLYHRSWLFZLWKKLJK1$ WR
DFKLHYH DG\QDPLFDOO\ VZLWFKDEOHPXOWLEHDP ODVHULQWHUIHUHQFHZLWK ODUJH LQWHUIHUHQFH DQJOHV:HZHUH
DEOH WR VKRZ WKH SURRI RI SULQFLSOH RI WKH V\VWHP VHWXS DQG VWUXFWXULQJ LQ VWDLQOHVV VWHHO VDPSOHV 7KH
FXUUHQW GHYHORSPHQW IRFXV LV RQ UHGXFLQJ WKH DEHUUDWLRQ IRU PRUH KRPRJHQRXV VWUXFWXUHV DQG ODUJHU
FRQQHFWHGUHJLRQV7KHUHIRUHEHDPVKDSLQJDQGSKDVHPDVNFRPSXWDWLRQQHHGVVHYHUHLPSURYHPHQW:H
DOVRSODQRQFRPSHQVDWLRQRIWKHIRFDOVKLIWE\DGGLQJDSSURSULDWHSKDVHPDVNOHQVHVRQWKH6/0LQRUGHU
WR UHGXFH PHFKDQLFDO FRPSHQVDWLRQ ZLWK SUHFLVLRQ VWDJHV $OVR SURFHVV PRQLWRULQJ LV FXUUHQWO\ DQ
XQVROYHG LVVXH:HDUHGHVLJQLQJDQDGDSWHG VHWXSZKLFKZLOO DOORZ LQOLQHPRQLWRULQJRI WKH UHJLRQRI
LQWHUHVW
7KHSXUHO\UHIOHFWLYHVHWXSZLWKWKH6/0SUHSDUHGDOVRIRUXVHZLWKVHFRQGKDUPRQLFVRIWKH1G<$*
ODVHU SUHVHQWV WKH RSSRUWXQLW\ WR HYDOXDWH WKH VHWXS DOVR ZLWK D GLIIHUHQW ODVHU ZDYHOHQJWKV DV ZHOO DV
GLIIHUHQWSXOVHUHJLPHIHPWRVHFRQGODVHU
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7KHDXWKRUVJUDWHIXOO\DFNQRZOHGJH
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6$27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